Two new in vitro methods were developed to analyze plant-parasitic nematode behavior, at the population and the individual organism levels, through time-lapse image analysis. The first method employed a highresolution flatbed scanner to monitor the movement of a population of nematodes over a 24-hour period at 25°C. The second method tracked multiple motion parameters of individual nematodes on a microscopic scale, using a high-speed camera. Changes in movement and motion of second-stage juveniles ( J2s) of the soybean cyst nematode, Heterodera glycines Ichinohe, were measured after exposure to a serial dilution of abamectin (0.1 μg/ml to 100 μg/ml). Movement and motion of H. glycines were significantly reduced as the concentration of abamectin increased. The effective range of abamectin to inhibit movement and motion of H. glycines J2s was between 1.0 μg/ml and 10 μg/ml. Proof-of-concept experiments for both methods produced one of the first in vitro sensitivity studies of H. glycines to abamectin. The two methods developed allow for higher-throughput analysis of nematode movement and motion and provide objective and data-rich measurements that are difficult to achieve from conventional microscopic laboratory methods. Abstract 15 Two new in vitro methods were developed to analyze plant-parasitic nematode 16 behavior, at the population and the individual organism levels, through time-lapse image 17 analysis. The first method employed a high-resolution flatbed scanner to monitor the 18 movement of a population of nematodes over a 24-hour period at 25°C. The second 19 method tracked multiple motion parameters of individual nematodes on a microscopic 20 scale, using a high-speed camera. Changes in movement and motion of second-stage 21 juveniles (J2s) of the soybean cyst nematode, Heterodera glycines Ichinohe, were 22
Juvenile mortality, as indicated by lack of movement, is a major defining factor of 1 nematicide activity. A common laboratory method used to assess nematode mortality is 2 observations of nematode movement using a light microscope. Some nematodes, such 3 as H. glycines, may be immobile when observed for a short period of time but still be 4 alive (Schroeder and MacGuidwin 2010). To confirm nematode death during a single 5 observation, the observer must visually score the nematode response after prodding 6 with a fine needle probe (Cayrol, 1986) 
Materials and Methods

16
Nematode preparation. The H. glycines populations used in these experiments were 17 maintained in greenhouse culture pots on H. glycines-susceptible soybeans, Glycine 18 max cv Williams 82, grown in sandy soil that was naturally infested with H. glycines (HG 19 type 2.5.7). H. glycines females were removed from 30-day-old soybean roots by 20 spraying the roots with a water stream, with the roots placed on a 850-µm-pore sieve 21 nested over a 250-µm-pore sieve. The females collected on the lower, 250-µm-pore 22 sieve were separated from soil particles and other debris via sucrose centrifugation 23 Page 4 of 26
Phytopathology "First Look" paper • http://dx.doi.org/10.1094/PHYTO-10-17-0339-R • posted 02/02/2018 using a 1,362 g/L sucrose/water solution (Jenkins 1964). Next, the females were 1 crushed using a rotating rubber stopper against a 250-µm-pore sieve to release the 2 eggs (Faghihi and Ferris 2000). The eggs were collected on a 25-µm-pore sieve nested 3 under a 75-µm-pore sieve and were further isolated from debris through a second round 4 of sucrose centrifugation with a 454 g/L sucrose/water solution (Jenkins 1964). The 5 eggs were rinsed with water then incubated on a 30-µm-pore sieve over a thin film of 6 tap water at 25°C for 72 hours to collect hatched J2s (Wong et al. 1993) . To obtain 7 active nematodes, collected J2s were once more placed on a 30-µm-pore sieve in one 8 centimeter of tap water. After one hour, J2s that moved through the sieve were 9 collected in the water below and used for movement and motion analysis experiments. final concentrations of 100 µg/ml, 10 µg/ml, 1 µg/ml, and 0.1 µg/ml abamectin in 1 15 percent acetone. The 1 percent acetone solvent acted as a control treatment and it is 16 henceforth referred to as the 0 µg/ml abamectin concentration. Active populations of H. 17 glycines J2s, collected as described above, were incubated in one of the abamectin 18 concentrations or in sterile distilled water in the dark at 25°C for two hours. Next, the 19 incubated J2s were rinsed three times with sterile distilled water to remove excess 20 abamectin. Heat-killed J2s, boiled in water for 5 minutes, were included as a negative Damicone, J., Dorrance, A., Dufault, N., Esker, P., Faske, T. Giesler, L., Grybauskas, 3 A., Hershman, D., Hollier, C., Isakeit, T., Jardine, D., Kelly, H., Kemerait, R., 4 Kleczewski, N., Koenning, S., Kurle, J., Malvick, D., Markell, S., Mehl, H., Mueller, D., 5 Mueller, J., Mulrooney, R., Nelson, B., Newman, M., Osborne, L., Overstreet, C., 6 Padgett, G., Phipps, P., Price, P., Sikora, E., Smith, D., Spurlock, T., Tande, C., Tenuta, Figure 4A) and 24 ( Figure 4B ) hours after incubation. The speed of motion was analyzed separately for the head (capital letters) and tail (lowercase letters). Capital letters above the black bars and lowercase letters above the grey bars indicate differences in speed according to Tukey's honestly significant difference (α=0.05). 
